OBJECTIVE: To identify the risk factors of obesity in preschool children in China. DESIGN: A nationwide case Ð control study in eight cities in China. SUBJECTS: A total of 748 boys and 574 girls (age 0.1 ± 6.9 y), including the obese and non-obese. One obese child was matched with one non-obese child by sex and age. MEASUREMENTS: Weight, height and other measurements were taken for all the subjects. The information on child activity, feeding pattern and family background was collected by our study team from the parents and the kindergarten teacher. RESULTS: Birth weight 4.0 kg, high eating speed, obesity among the child's relatives 25%, mother's body mass index (BMI) b 25 kgam 2 and father's BMI b 25 kgam 2 were identi®ed as the major signi®cant (P`0.05) risk factors of obesity in preschool children in China. CONCLUSION: Family history of obesity, high birth weight and eating speed were identi®ed as the risk factors of obesity in preschool children in China. Our results show the need for family therapy as part of an intervention program for childhood obesity, which includes behavior modi®cation.
Introduction
Childhood obesity increases the risk of obesity in adulthood and is associated with cardiovascular disease risk factors such as hypertension, diabetes mellitus, and dyslipidemia. 1 In particular, adults who were obese during childhood have increased mortality independent of adult weight. 2 ± 4 Thus, prevention programs for obesity in children and adolescents should have long-term health bene®ts. Studies in the identi®cation of risk factors of childhood obesity in relatively diverse geographicacultural populations are thus necessary to design effective local prevention efforts. 5, 6 The prevalence of obesity is increasing both in developed and developing countries. 7 In China, childhood obesity has become a severe health problem, especially during the past 10 y. The prevalence of obesity in preschool children was 2.2% for boys and 1.9% for girls in a large nationwide epidemiological obesity study undertaken in 1996. The annual increment of the prevalence of obesity from 1986 to 1996 has been 10% for boys and 8.7% for girls. 8 This increment was calculated from the data from the 1986 and 1996 national surveys of childhood obesity, which had the same de®nition of obesity and the same age range of study subjects. These studies imply that obesity in childhood has become as serious as malnutrition, also a health problem in China, and studies for the identi®cation of potential risk factors are therefore in urgent need.
The aim of our study was to identify the risk factors of obesity in preschool children, ie from birth to 6.9 y of age. The series came from a large Chinese population-based case ± control study (n 661 pairs) in eight major cities in China.
(n 217,312) represented the study subjects, and a total number of 208,513 children were ®nally investigated, leading to a participation rate of 96%. The prevalence of obesity, based on the de®nition of a height-adjusted weight over 120% of the NCHS mean, was 2.2% for boys and 1.9% for girls. More details of the study have been described by Ding et al. 8 Our study used the same de®nition of obesity as in Ding et al, 8 ie a weight that exceeded the standard weight for height, age and sex 9 by more than 20% or, equivalently, a height-adjusted weight over 120% of the NCHS mean. Eight of the 11 cities, ie Haerbing, Yingkou, Beijing, Chengdu, Chongqing, Changsha, Guiyang and Nanchang, wanted to participate in our study to identify the risk factors of childhood obesity. The ®rst three of the eight participating cities are located in the North of China and the other ®ve cities in the South. Children with any diseases on the day of investigation, or with any physical or mental developmental problems, were excluded.
Due to the variation of potential risk factor of obesity among different ages and sex, one identi®ed obese child was matched with one randomly selected non-obese child from the same child health center, by using the individual child's health record for the same sex and age group, ie birth ± 0.9 y, 1.0 ± 1.9 y, 2.0 ± 2.9 y, 3.0 ± 3.9 y, 4.0 ± 4.9 y, 5.0 ± 5.9 y and 6.0 ± 6.9 y.
This study was approved by the Ethics Committee of the Academic Committee of Beijing Children's Hospital in 1996.
Data collection
Our study team comprised 10 professional medical staff from six child health care institutes and two medical universities in the eight cities, ie Haerbing, Yingkou, Beijing, Chengdu, Chongqing, Changsha, Guiyang and Nanchang. Study forms were distributed to the study team at a pre-study co-ordination meeting in Chongqing in May 1996. Between September 1996 and February 1997, data collection was done separately by the study team in the eight cities through the local child health care systems. All the parents of both cases and controls had the details of the study explained to them and those who gave verbal consent to participate were included in the study.
Kindergartens in China mostly belong to the government, and they are open to any child who is 3 y or older on a voluntarily basis. All children start primary school at 7 y of age. For children who attended kindergarten, their parents were met in the kindergarten when they picked up their child. Part of the information about the daily activity of the child was reported by kindergarten teachers. For other participating children, the corresponding parents were then asked to take their children to a certain local child health care center to meet our study team. Questions in the study form concerning the activity and feeding pattern of the child, and other parental information such as education level, attitude to obesity and their current weight and height were administered to the parents on the day of investigation.
Before this case ± control study, we conducted a pilot study to de®ne the method of measuring the eating speed of the child. Four hundred children were included in this pilot study, and half of them were obese. The age range was 5 ± 15 y. A home visit to each subject was done by our staff during mealtime. For each child, the number of chews per swallow were independently recorded by two staff, one parent (mother or father) and one grandparent (grandmother or grandfather) together. The number of chews per swallow was chosen as the measure of eating speed, ie 2 was regarded as fast, 3 ± 5 as middle speed, and b 5 as slow speed. Based on this measure, 60% of the obese children had a fast eating speed as compared with 10% in the non-obese group.
The eating speed of the child in this case ± control study was determined by either the parents or the kindergarten teacher who was taking care of the child. The question about`eating speed' was asked in this way:`Do you think the child eats fast, middle or slow during daily meals? A fast eating speed was de®ned as a maximum of 2 chews per swallow; slow eating speed corresponded to more than 5 chews per swallow, and 3 ± 5 chews per swallow was the middle one'. During the study, the study team instructed the parentsakindergarten teacher in how to determine the eating speed either in the home or in the kindergarten; and the data was collected on the following day.
Weight and height of all newborns were measured using the measuring equipment available at the local child health centers. All other children in the obese and non-obese groups were measured in a standardized way 10 by our study team on the day of investigation. The height of each child was measured as supine length before 2 y of age, and after that by a stadiometer attached to the wall. For supine length, the child lay fully extended, with heels touching a baseboard, and then a movable headboard was brought down on the head. All height measurements were rounded down to the nearest 0.5 cm. The recorded birth weight values of our study subjects were taken from the individual child's health record, which were kept in the local child health care center. The body mass index (BMI), which is de®ned as weight divided by height squared (kgam 2 ), was computed for all children and their parents in our study.
All completed study forms, from the eight cities were sent to the co-ordination center at the Beijing Research Institute of Pediatrics in early 1997. The response rate of the cases and controls was equal, ie 100%. However, 36 matched pairs were deleted from the analysis; the main reasons for exclusion were missing values for the weight and height of the parents, andaor the information related to their attitudes to obesity. A total of 748 boys and 574 girls (661 pairs) were included in the ®nal data analysis.
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Quality of the data
In the 1970s China constructed its own child health care system which is known as the`three-level network', ie village ± county ± city. Several nationwide epidemiological studies and other research projects about child health problems have been conducted successfully through this network. 11, 12 The network contains thousands of medical staff and hundreds of child healthcare centers or institutes. Weight and height values of each child from birth to 7 y of age are measured annually. These values are documented in the child's health record and also plotted on the growth chart of each individual. Therefore any extreme values caused by measurement errors can be easily identi®ed and corrected immediately.
This case ± control study was organized by the Chinese Society of Pediatrics and the Chinese Society of Child Health Care, which represent the two most important academic societies in the ®eld of pediatric research in China. All staff in our study team have a strong background, both in clinical work and research. They were also all involved in the nationwide epidemiological study on obesity of children undertaken in 1996. 8 For further quality control assurance, two pre-study meetings were organized in order to standardize the method of measuring weight and height. Uni®ed measuring equipment was used to minimize the in¯uence of measurement errors.
Data analysis
Potential categorical factors, such as the questions related to the feeding patterns and activity of the child, and the attitude to obesity of the parents, were analyzed and compared by the chi-square method between the paired samples. The odds ratio (OR) and its 95% con®dence interval (CI) were also estimated and computed for each categorical factor. A categorical factor with an OR signi®cantly (P`0.05) higher than 1.00 was taken as a risk factor of childhood obesity, while an OR signi®cantly (P`0.05) less than 1.00 was regarded as a protective factor.
Important risk factors for childhood obesity were further identi®ed by a logistic regression analysis for the two age groups, ie below 3 y of age or between 3.0 and 6.9 y of age. The reason for using the two age groups is that they have been analyzed separately, as a previous study 13 suggested that they do not share the same risk factors of obesity. Speci®cally, obese children under 3 y of age without obese parents were at a lower risk for adulthood obesity than other older obese children.
All statistics were computed using Statistical Analysis Software (SAS) version 6.10 from the SAS Institute Inc. in North Carolina, USA. 14 Figure 1 depicts the BMI distribution for the obese children and the controls. The BMI reference values in this ®gure were taken from a recently derived Swedish BMI centile reference curves (P3, P50 and P90). 15 For comparison the 90th centile values from the NHANES-I (P90US) 16 are also drawn in Figure 1 . The majority of our obese children had a BMI value above both the 90th centile of the Swedish BMI curve and the 90th centile of NHANES-I BMI curve.
Results
Odds ratios of the categorical factors for obesity Tables 1 ± 4 show the results of the chi-square method for all categorical factors included in our study which were potentially related to childhood obesity, such as the feeding patterns and activity of the child, the attitude to obesity of the parents, and other informa- Figure 1 The distribution of obese (dot) and control (star) subjects in our study. The BMI values of the centile curves (P3, P50, P90) were taken from a large population-based longitudinal growth study of Swedish children. 15 The values of P90US curve were taken from the 90th centile values in NHANES-I. 16 Risk factors of childhood obesity in China Q He et al tion concerning the family. The odds ratio (OR) estimate and the corresponding 95% con®dence interval (CI) were obtained for each different subgroups, ie 0.1 ± 2.9 y (Tables 1 and 2 ) and 3 ± 6.9 y (Tables 3 and  4 ). Note that the magnitude of the difference for all these categorical factors between the cases and controls is different in the two age groups, ie 0.1 ± 2.9 y and 3 ± 6.9 y. The signi®cant OR values of 27 factors in the 3 ± 6.9 y group (Tables 3 and 4) are shown in bold (P`0.05), while only ®ve factors were found statistically signi®cant (P`0.05) for the 0.1 ± 2.9 y group (Tables 1 and 2) .
Logistic regression analysis
A logistic regression model was ®tted separately to the series for the 0.1 ± 2.9 y group and the 3.0 ± 6.9 y group, and results are shown in Table 5 . All the independent variables considered in the regression models were binary categorical variables that were shown to be statistically signi®cant (P`0.05) in Tables 1 ± 4 . As shown in Table 5 ,`birth weight over 4.0 kg' and`high eating speed' were identi®ed as risk factors of childhood obesity both for infants (0.1 ± 2.9 y) and for elder children (3.0 ± 6.9 y). In addition, a higher parental BMI value, and the Risk factors of childhood obesity in China Q He et al percentage of obesity among the relatives of the child, were also identi®ed as risk factors in 3.0 ± 6.9-y-old children.
Age of adiposity rebound Ð a critical period Figure 2 illustrates the longitudinal mean BMI values and its 95% con®dence interval as obtained from the individual growth chart record for the children included in the 6 y of age group (boys: 64 pairs: girls: 51 pairs). As observed in this ®gure, the age of adiposity rebound (AR) is about 4 y for the obese boys and 3 y for the obese girls. However, there is no real sign of any adiposity rebound pattern before 6 y of age in the control group.
Discussion
The identi®cation of potential risk factors of childhood obesity has been given much attention during the past 20 y. Many previous studies have been published to identify the risk factors of childhood obesity. 17 ± 19 Several environmental factors, such as television viewing, 20 having only one parent, being the only child or the last-born in a two-parent family, or the non-manual occupation of the father 21 have been identi®ed as risk factors for childhood obesity in previous studies. The genetic in¯uence, measured by the BMI values of the parents, siblings and relatives, has also been found to be equally important for childhood obesity in other previous studies. 22, 23 It is particularly dif®cult to compare these results with ours, since they came from different study populations, each of which had its own geographical, cultural and behavioral determinants. The de®nition of childhood obesity was also different in previous studies, which used the 95th percentile value of the NCHS triceps skinfold thickness, 24 or a BMI-speci®c centile (90th or 95th) value, as recently developed by the Centers for Disease Control and Prevention (CDC). 25 A weight that exceeded the standard weight for height, age and sex 9 by more than 20%, ie a height adjusted weight over 120% of the NCHS mean, was chosen as the de®nition of obesity in our study. This de®nition has also been used in several previous obesity prevalence studies. 26, 27 Other de®ni-tions of obesity could have been employed, such as BMI; as shown in Figure 1 , both boys and girls in our Risk factors of childhood obesity in China Q He et al obese group had a BMI value above the 90th centile of the Swedish BMI curves (P90) and the 90th centile values from the NHANES-I (P90US). In contrast, the vast majority of the controls had a BMI value below these two 90th centile curves. Our study population could thus be effectively separated into the obese and control groups by using either a height-adjusted weight cut-off point of 120% of the NCHS mean, or a BMI-speci®c centile such as the 90th. The reasons for using the Swedish BMI values as a reference in this study are that, until now, there have been no constructed BMI reference values for the Chinese children in China, and the BMI reference from NCHS is also not available. In US, the BMI centile value, computed using the data from NHANES-I, is currently used as the national BMI reference for children. 16 Since the 85th centile value is only provided for the children who are 5 y onwards, 28, 29 we added the 90th centile value from NHANES-I for comparison.
Only a few case ± control studies on the identi®ca-tion of risk factors of obesity in preschool children have been reported, such as the one in French children. 17 In this work,`family obesity' and`obesity at birth' were found to be the risk factors of obesity at 5 y of age (odds ratio 2.7 and 2.1, respectively). Television viewing, snacks between meals and lack of sleep were identi®ed as the environmental risk factors. However, after adjusting for parental obesity, the only remaining signi®cant risk factor for obesity at 5 y a The P-value is taken from the corresponding chi-square test; and the signi®cant P-values (P`0.05) are given in bold print.
Risk factors of childhood obesity in China Q He et al of age was found to be the lack of sleep (odds ratio 1.4). All the results from this study were based on the investigation of a 5 y-old population with 327 obese and 704 control children. Compared with this study, our study sample size is larger, and it covers seven age groups, ie birth ± 0.9 y, 1.0 ± 1.9 y, 2.0 ± 2.9 y, 3.0 ± 3.9 y, 4.0 ± 4.9 y, 5.0 ± 5.9 y and 6.0 ± 6.9 y group.
Agras et al 30 found that infants who suckled more rapidly during feeding at ®rst month of life had greater skinfolds and BMI at 1 and 2 y of age. That obese subjects ate at a faster rate than normal individuals was also reported by Drabman et al 31 in a study of obese preschoolers, and Marston et al 32 from an observation of obese school children. However, it is the ®rst time a large epidemiological study has identi®ed high eating speed as a risk factor for childhood obesity in the 3.0 ± 6.9 y group, and it was also identi®ed as a risk factor for the infants (0.1 ± 2.9 y) after adjusting for the amount of food. This information is an intriguing and important observation for making effective efforts to prevent childhood obesity, such as behavior modi®cation of the obese children.
The eating speed of the child in our study was simply determined by either the parents or the kindergarten teacher who was taking care of the child. It would have been a better choice if we had used some more objective measurement to estimate the eating speed. Such objective methods of measuring eating speed as reported in previous studies are, however, all laboratory-based, which can hardly be applied in a large epidemiological study. 33 There are also some studies that have used direct observation in the ®eld of Risk factors of childhood obesity in China Q He et al eating speed of the child, which requires many resources and can only be conducted on a small sample size. 31, 32 We do, however, believe that our collected information about eating speed as provided by parents and teachers has its value. Our subject, either belonging to the obese group or the control group, is the only child in the family due to the`onechild' policy in China. For this reason, they receive much concern and close observation from their parents and teachers. Our ®nding that obese children have a higher eating speed than that of the non-obese children is consistent with the ®ndings of other observational studies 30, 31 which have utilized objective measurement on the eating speed of infants and preschoolers based on a small sample size.
We also provided the mean longitudinal BMI values of the 6-y-old children for both the obese group and the control group (Figure 2) . The difference in mean BMI values between the obese and control group was not statistically different until 3 y onwards due to the observing rebound pattern. This implies that obese children over 3 y of age are different from obese children below 3 y of age, in terms of having similar BMI values in the ®rst year of life as the controls. Our data also identi®ed more risk factors of obesity after 3 y of age. BMI values between 3 and 8 y of age have previously been shown to be critical for the development of obesity in later life. 34 All of this and other information strengthens the importance that children in this age group should be considered as the target group for nutritionaobesity intervention programs.
In conclusion, this work is based on the largest case ± control study reported so far with the aim of identifying risk factors for obesity in preschool children. Despite the large number of potential risk factors included in the study questionnaire, only a few risk factors were identi®ed. Family history of obesity, birth weight and high eating speed were the strongest risk factors, while child physical activity and personality as well as parental physical activity did not show any strong association with childhood obesity. These results emphasize the need for family therapy as a part of an intervention program, which includes behavior modi®cation, especially for the eating speed of the child. Figure 2 Longitudinal BMI values (mean and its 95% CI) from 1 to 6 y of age for the 6-y-old children in the obese (dot) and control (star) groups.
